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Description

BACKGROUND OF THE INVENTION
Field of the invention
This invention relates to coating compositions, and more particularly to improved coatings for
deformable substrates such as elastic material and pre-coated metals subjected to deformation processing.

Description of the Prior Art

Hydroxyalkoxy phenoxy polyether resins, such as those disciosed in US—A—3,356,646, (Wynstra, et
al.), are useful as binders, i.e., vehicles in oating compositions for pre-coated metal products. These resins
provide superior toughness and resistance, particularly for metal substrates in exhibiting superior
corrosion resistance and adhesion. In many applications, pre-coated metal is prepared on a coil coating line
where a crude coil is uncoiled, cleaned, pre-treated, painted, dried, cooled and finally recoiled. In
subsequent manufacture, such products are frequently subjected to various deformation operations. For
example, various metal parts are formed from such coils in stamping and forming operations to give pre-
coated sheet metal parts for appliances, autombiles and the like.

Such stamping and forming operations severely distress both the metal and the coating resuiting in
coating deficiencies such as cracks, chips, or peels in the highly distorted or elongated regions of the
deformed metal. Consequently, the coated metal part is no longer commercially acceptable nor suitably
protected from the environment.

It would therefore be desirable to provide a phenoxy poiyether coating composition for deformable
substrates which will perform satisfactorily during and subsequent to deformation operations.

SUMMARY OF THE INVENTION
This invention relates to coating compositions comprising a binder for deformabie substrates. The
binder is a high molecular weight polymer which is the reaction product of a hydroxyalkoxy phenoxy
polyether and a lactone. The invention also relates to a process for producing a coated, deformed article
using this coating composition, and the article thereby produced.

DETAILED DESCRIPTION OF THE INVENTION

It has been discovered that chemical modification of high molecular weight, hydroxyalkoxy phenoxy
polyethers by reaction with lactone monomer, producing a lactone grafted polyether, provides improved
coating performance when such material is applied as a binder to deformable substrates. These grafted
polymers have been found to exhibit improvements in impact resistance, hardness, gloss, drawability and
deformability. ’

The polymeric binder used in this invention is a high molecular weight polymer which is a lactone
modified hydroxy substituted polyphenyiether. This polymer is the reaction product of a lactone and a
hydroxyalkyl phenoxy polyether.

The lactone reactant has the formula:

| (1)

wherein each R; and R, is individually hydrogen or lower alkyi, and m is from 3 to 12. As such, the
substituents of each Ry, or R,, group may vary aiong the carbon chain. Preferably, Ry and R, are all
hydrogen, except that one hydrogen may be replaced by a methyi group.

Some representative examples of lactones of formula {f) include caprolactone, methyl-caprolactones,
valerolactone, octanolide, dodecanolide, and the like. Preferred lactones include caprolactone, methyi-
substituted caprolactones, and valerolactone.

The hydroxyalkoxy phenoxy polyether reactant has the average formula:

OH

G-t—0~-D-0-E+4—0-D-0-G (n)

wherein D is the residue of a dihydroxy aromatic hydrocarbon; E—OH is the hydroxy residue of an
epoxide; G is either hydrogen or the residue of a capped or uncapped epoxide; and n is sufficient to
provide a weight average molecuiar weight of at least 30,000. Depending upon the molecular weight of the
constituant residues within the polyether, the degree of polymerization, represented by n, will usually be at
least 30, and preferably 50 or more. The polyethers include the polymers described as thermoplastic poly-
hydroxyethers in 3,356,646 (Wynstra et al.).
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The polyethers can be.prepared by interreacting (1) a dihydric phenol, preferably polynuclear in which
the hydroxyl groups are attached to different nuclei, with (2} a substantially equimolar amount of epoxide
and (3) an excess over stoichiometric proportions of an alkali metal hydroxide; in aqueous solution at the
reflux temperature of the mixture untii a prepolymer is formed. The mixture is then heated to about
150—120°C until a polyether, having a reduced viscosity of at least 0.45 dl/g, measured at 25°C as a 0.2 gram
sample in 100 ml. of tetrahydrofuran, and a weight average moiecular weight of at least 30,000, is obtained.

The reduced viscosity values can be computed using the equation:

L1,
reduced viscosity =
ct,

wherein t, is the efflux time of the solvent (tetrahydrofuran), t. is the efflux time of the polyether solution,
and c is the concentration of the polyether solution in terms of grams of polyether per 100 ml. of
tetrahydrofuran.

The terminal group of the polyether, G, may provide an average of from 0 to 2 terminal epoxy groups.
Due to the high molecuiar weight and degree of polymerization, the presence of such epoxy groups is
insignificant, such that the polymer is substantially free of 1,2-epoxy groups. These terminal epoxy groups
may be modified through the addition of capping agents which react with the epoxy group to provide a
hydroxy! group on the carbon atom adjacent to the terminal carbon atom and a terminal capping group.
Typical capping agents include superheated water or mineral acids to provide terminal hydroxyl groups,
i.e. glycols; lower alkyi carboxylic acids to provide terminal phenoxy groups.

The dihydric phenol providing the residue of a dihydroxy aromatic hydrocarbon, D, can be either a
dihydric mononuclear phenoli or a polynuclear phenol. Such phenols have the general formula:

(lRa)x (IRS)y
HO—{-—Ar(—R4—-Ar’—)Z—]—OH ()

wherein Ar and Ar’ are individually aromatic divalent hydrocarbons; R; and Rj are individuaily lower alkyl,
halogen, or lower alkoxy; R, is a covalent bond or divalent radical; x and y are from 0 to a maximum value
corresponding to the number of substitutable sites on Ar and Ar’, respectively; and z is 0 or 1. The divalent
radical, R,, includes, for example, such groups as: (1) divalent hydrocarbon radicals such as alkylenes;
alkylidenes; cycloaliphatics, (e.g., cycloalkylene and cycloalkylidene; halogenated, alkoxy or aryloxy
susbtituted alkylenes, alkylidene and cycloaliphatic radicals; alkarylene and aromatic radicals including
halogenated, alkyi, alkoxy or aryloxy substituted aromatic radicals; two or more alkylidene radicals
separated by an aromatic ring; and a ring fused to an Ar group; (2) polyalkoxy; (3) Polysiloxy; (4) a tertiary
amino group; (5) an ether linkage; {6) a carbonyl group; or (7) a sulfur containing group, such as sulfoxide;
and the like.

Preferred dihydroxy aromatic hydrocarbons include phenols set forth in formuia (lll} for when Ar and
Ar’ are phenylene, z is 1 and R, is a divalent saturated aliphatic hydrocarbon radical, particularly alkylene
and alkylidene radicals having from 1 to 3 carbon atoms, e.g.

and cycloalkylene radicals having up to and including 10 carbon atoms. Preferably x and y are each 0.

Particularly preferred phenols are bis{hydroxyphenyl)alkanes, such as 2,2-bis(4-hydroxyphenyl)propane,
providing a residue D of

The epoxide contributing the hydroxy residue, E, can be a monoepoxide or diepoxide. The term
“epoxide’” defines a compound containing a oxirane group, i.e., oxygen bonded to 2 vicinal aliphatic
carbon atoms forming a three-membered ring. Monoepoxides contain one such oxirane group and provide
a residue E containing a single hydroxyl group. Diepoxides contain two such oxirane groups and provide a
residue E containing two hydroxyl groups.



0 135 916

Epoxides having a terminal oxirane group, i.e., 1,2-epoxides, are preferred. Saturated epoxides, i.e.,
free of ethylenic unsaturation, and acetylenic unsaturation are also preferred.
Preferred diepoxides contain oxirane groups each connected to a group which may be selected from
the list below, and which is not immediately connected to the carbon atoms of the oxirane group. The
5 group may be selected from the following:

0]
~0—=, =N= , =8~ , =80— , =80y~ , =C=0—
10 ' 2
Q

wherein Q is a saturated carbon radical such as an alkyl, cycloalkyl, aryl or aratkyl radical. ]

5 Particularly preferred saturated diepoxides contain solely carbon, hydrogen and oxygen, esgemally
wherein the vicinal or adjacent carbon atoms form a part of an aliphatic hydrocarbon chain. Oxygen in such
diepoxides can be, in addition to E oxirane oxygen, ether oxygen, —0O—; oxacarbonyl oxygen,

20 o) 0
I I
—C—0—; carbonyl oxygen, —C—;

25 and the like.
Particularly preferred monoepoxides have the formula:

0 VAN

e
l:{7 RB RQ

(1V)

35

wherein Rg, R,, Rg, Ry and Ry, are individually hydrogen or methyl and X is an electron donating group,
providing residues as —CH,CHCH,—. Most preferred compounds are those in which X is halogen, i.e. the
epihalohydrins. Specific examples of epihalohydrins include epichlorohydrin, epibromohydrin, 1,2-epoxy-

40 1-methyl-3-chloropropane, 1,2-epoxy-1-butyl-3-chloropropane, 1,2-epoxy-2-methyl-3-flucropropane, and
the like.

The relative proportions of polyether to lactone will vary depending upon the amount of grafting
desired in order to achieve a desired extent of modification of the reaction product properties as compared
to unreacted polyether. Generally, the ratio of lactone to polyether, in parts by weight, will be between 0.05

45 to 5:1, preferably between 01 to 0.5:1; and most preferably between 0.15 to 0.3:1.

The reaction may be conducted in the presence of a solvent which may be a non-hydroxy compound
which is liquid and substantially inert to the reactants under the reaction conditions. Such solvents include
hydrocarbons; ethers; glycol ether esters, such as ethylene glycol ethyl or butyl ether acetates; ketones;
high boiling naphthas; and the like. Preferred solvents include anisole, cyclohexanone, diethylene giycol

so dimethyl ether, and hydrocarbon mixtures, such as Exxon 150, which is a mixture of alkyl substituted
aromatic hydrocarbons, produced by Exxon Corporation.

A catalyst is usually provided to assist the reaction between the lactone and the poiyether. Such
catalysts promote opening of the lactone ring for reaction as well as enhancing reaction rates. Typical
catalysts inciude metal salts, such as metal alkoxides, halides, aikyls, hydrides and salts of organic acids,

55 and mineral acids. Preferred catalysts include tin carboxylates; organic sulfonic acids, for exampie toluene
sulfonic acid: and sulfuric acid. Particuarly preferred catalysts include metal salts of aliphatic carboxylic
acids, such as stannous octoate, dibutyl tin dilaurate and the like.

The reaction conditions may be selected from the standard procedures for conducting polymer
grafting, via condensation reactions established in the art. The reaction may be conducted at any standard

60 pressure, although atmospheric pressure is preferred. The reaction temperature will usually be between
100°C to 250°C, preferably between 150°C up to the boiling point of the solvent, if used. Most preferred
reaction temperatures range between 170° to 200°C.

In a typical embodiment, either the lactone or polyether reactant is added to a reactor vessel, with or
without solvent, and heated to the desired reactor temperature, with the addition of the remaining reactant.

65 The material is heated to reflux and catalyst is charged to the reactor, usually in two separate charges. The

4
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reaction is usually conducted at reflux or just below reflux temperature. The reaction is permitted to go to
completion, usually after several hours. The solid polymer product may be directly formulated into a
coating, or recovered by coagulation, washed with water and filtered to isolate substantially pure product.

The lactone modified hydroxy substituted polyphenylether is a high molecular weight, thermoplastic
polymer, having the average formula:

T1 T1
£ ﬁ'f—ol /mouqﬁ(cl‘—)'HTOH
0 R, 0 R,
1 P
G—f—0-D-0-E—3=+-0-D-0—-E+;=0-D-0-G (V)

wherein D, E, G, Ry, Ry, m and n are as defined previously; p is from 0.01n to n; and q is =0. The degree of
grafting, p, stated as a fraction of the average number of hydroxyl groups defined by n, is preferably from
0.01 to 0.5, and most preferably from 0.1 to 0.3. The average number of repeating lactone residue units per
graft, g+1, is =1, preferably from 1 to 10, and most preferably from 2 to 5. In the broadest sense, the extent
of grafting will range from a minimum amount required to provide measurably improved coating
properties up to a maximum amount which, due to the preponderance of polylactone grafts exhibits a
substantial decrease in hardness resuiting in reduced coating utility. The lactone grafts are located at the
reacted hydroxyl sites in a random distribution along the polyether backbone.

Using the preferred reactants of 2,2-bis(4-hydroxyphenyl)propane and epihalohydrin to provide the
hydroxyalkoxy phenoxy polyether, and caprolactone as the lactone grafting monomer, a preferred lactone
modified hydroxy substituted polyphenylether is provided having the average formuia:

0

'—-{——Cll—(CHz)s—O—]TlCI—(CHz)SOH
P ] [ i
-0 wdows OO Lo
CH3 CH3

The lactone modified polyethers are particularly useful as binders in coating compositions for pre-
coated, deformable substrates. Such coating compositions consist essentially of the lactone modified
polyether base. Additional materials may optionally be provided including pigments, crosslinkers, cure
initiators, carriers (i.e., solvents), dispersants, flow control agents, anti-settling agents and the like.
Standard materials and proportions of these components may be used following weli established
procedures.

Deformable substrates are those materials which undergo, or have the capability of undergoing,
deformation subsequent to the coating operation. Deformable substrates include bendable, elastic or
pliable metal (e.g. sheet metal, wire) or plastic material. Such deformation may either be permanent or
temporary. Permanent deformation occurs when an inelastic, pre-coated substrate, such as metal, is
subjected to a deformation or shaping operation in which at least a portion of the substrate surface is bent
or extended in some manner. Typical deformation operations include stamping or other similar
procedures, which alter the substrate configuration. Stamping of pre-coated metal parts, such as in the
preparation of auto body parts, is an example of substantially permanent deformation. Deformable
substrates also include materials which are elastic or flexible such that deformation can occur either
temporarily or permanently when the materials are further processed or used. Representative examples of
such deformable substrates include films, wire, and pliable sheet, such as reaction injected molded, i.e.
RIM, polyurethane, tubular or faminar materials.

Preferred deformable substrates include pre-coated metal or plastic articles which are subjected to
shaping operations in preparation for their end uses. Particularly preferred substrates are pre-coated metal
or RIM plastic articles which are subjected to stamping or similar shaping operations.

In a typical embodiment, a coating composition is prepared by mixing the lactone modified polyether
with up to minor proportions of crosslinker and cure initiator in the presence of a major proportion of
solvent. A minor or major proportion of pigment may also be provided. Coatings which contain
crosslinkers may then be cured by heating, irradiation or other well established curing procedures.

(V1)

5
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Coating compositions of the invention may be applied to deformable substrates using standard
coating procedures. The coated substrate is usually dried, and may then be subjected to deformation.

It has been discovered that coating compositions containing the lactone modified polyether possess an
unexpectedly superior balance of properties when applied to deformable substrates. Improvement in
impact resistance, hardness, gloss, drawability and deformability have been demonstrated for coatings
with or without pigment, crosslinkers and other nonessential additives. When applied to pre-coated
deformable substrates, the lactone modified polyether coatings not only provide superior integrity during
and subsequent to deformation operations, but exhibit a desirable balance of improved properties when
compared with coatings containing the unmodified polyether binder. Such performance was achieved with
the presence of or need for additional components, although other components may optionally be
provided. ’

Examples
The following examples are representative of preferred embodiments of this invention, and may be
varied over the entire scope of the invention as previously described. The shorthand designations used in
the examples are defined as follows:

Designation Description
Designation ' Description
Designation Description
Designation Description

Anti-settling agent | A wax distributed under the tradename MPA—60 By N.L. Industries.

Carrier | Ethylene glycol ethyl ether acetate

Carrier Il Diethylene glycol dimethyl ether

Catalyst | Stannous octoate

Crosslinker! Hexamethoxy methyl melamine

Crosslinker 1l Amino-bis[3-propylitrimethoxysilane]

Crosslinker it A hexamethylene diisocyanate derivative distributed under the tradename

Crosslinker iV

Cure initiator

Desmondur N—75 by Mobay Chemical Co.
Trimethoxy methyl melamine

p-toluene sulfonic acid

Dispersant | A pigment dispersant distributed under the tradename Nuosperse 657 by
Tenneco.

Drier| Calcium oxide

Lactone | Caprolactone

Polyether| a 2-hydroxypropoxy, 2,2-bis(4,4'-phenoxy)propane polyether having a weight
average molecular weight, M,, of 66,800 and a number average molecular
weight, M,,, of 16,200, containing substantially equal proportions of terminal
epoxy and glycol groups

Solvent| A high bailing naphtha which is a mixture of alkyl substituted aromatic

hydrocarbons distributed under the tradename Exxon® 150 by Exxon Corp.
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Examples 1—5: Preparation of Lactone Grafted Polyethers
These examples describe the preparation of lactone grafted polyethers used in this invention, and the
amount of material set forth in Table 1 using the following procedures.

Example 1

The hydroxyalkyloxy phenoxy polyether, Polyether |, was pre-dried overnight in an oven at 90°C. The
lactone, Lactone |, was purified by distillation and stored over molecular sieves, prior to use.

A solvent, Solvent I, was weighed into a reactor vessel. Polyether was added and the mixture heated to
reflux, providing a vapor temperature of 178°C. The mixture was stirred for half an hour, providing a vapor
temperature of 181°C. Heating was temporarily discontinued, and the reflux stopped, to add caprolactone,
providing a vapor temperature of 171°C in the reactor vessel. The lactone addition provided a solubilizing
effect while the mixture was stirred for several minutes without heating, providing a-vapor temperature of
156°C. When the mixture was almost completely dissolved, heating was resumed to provide a reflux at a
mixture temperature of 192°C. Refluxing was continued at 194°C for several minutes, at which time half the
total charge of catalyst, Catalyst I, was added in 20 ml of Solvent I. The mixture was reheated to reflux at
194°C and reacted for three hours to provide a final reaction temperature of 916°C. Heating was again
temporarily discontinued while the remaining charge of catalyst was added to the mixture at 190°C.
Heating was resumed to provide a reflux temperature of 195°C. The reaction temperature was reduced to
below reflux at 188°C—190°C. The reaction proceeded for three hours, at which time the heating was
discontinued and the mixture allowed to cool to 165°C. Carrier solvent, Carrier |, was slowly added to the
mixture with rapid stirring. The mixture was then cooled to 85°C.

The product mixture contained slight turbidity and was dark amber colored. A portion of the mixture,
30 grams, was removed and the solids recovered by coagulation through the addition of 180 mi
isopropanol in a biender. The coagulant was washed twice with approximately 200 ml of distilled water
after the isopropanol had been decanted from the blender. The recovered solid product was dried in a
Buchner funnel, using a filter cloth and placed in an evacuation oven to dry. The lactone grafted polyether
product had a glass transition temperature, Tg of 64°C.

The remaining product, in carrier solution, was retained for coating preparation.

Example 2
Using a procedure similar to that in Example 1, a mixture of components set forth in Table 1 was
formulated. The product had a Tg of 39°C.

Example 3

Based on the formulation in Table 1, lactone was weighed into a reactor vessel and heated to about
130°C. Polyether was added and the temperature raised to 155°C. After fifteen minutes, the addition was
completed providing a viscous mixture which was slowly stirred. Heating was continued for fifteen minutes
and the temperature raised to 160°C at which time the mixture was sparged with nitrogen gas for half an
hour. Half of the catalyst, Catalyst |, was charged to the reactor and the mixture heated to 180°C. Stirring
was maintained at a low speed and the reaction allowed to continue for three hours. The remaining catalyst
was charged to the reactor and the reaction continued for a little under three hours. The resulting product
was extremely viscous. The mixture was allowed to cool to rcom temperature. The product was recovered
by coagulation using the procedure as in Example 1, particulated and dried over night to provide 66.6 g of
product. The product had a Tg of 39°C.

Example 4
The procedures of Example 3 were substantially repeated based on the formulations set forth in Table
1. The lactone grafted polyether product possed a Tg of 25°—30°C.

Example b
The procedures of Example 3 were repeated but using the formulations set forth in Table 1 to provide a
lactone grafted polyether product having a Tg of —15°C.
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TABLE 1

Lactone Grafted Polyether Preparation

Weight (g)
Component Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Polyether | 600 100 100 600 400
Lactone | 80 30 40 264 508
Solvent | 360 100 —_ — —_—
Catalyst [? 122 28 22 12° 82
Carrier | 1440 200 — — —

a — in drops of approximately 20.6 mg/drop

Examples 6—12: Lactone Grafted Polyether Grafting Analysis

Using the experimental procedures as set forth above, the proportion of lactone reactant was varied
with respect to the amount of polyether reactant as set forth in Table 2. The extent and type of grafting was
analyzed using carbon-13 nuclear magnetic resonance, i.e., NMR, analysis. The degree of grafting, i.e., the
average fraction of hydroxyl groups reacted, was evaluated by analysing the NMR peaks of the carbon
atoms adjacent to the oxygen of the unreaacted (hydroxy) and reacted (ester) substituents. The graft
length, i.e., the average number of repeating lactone residue units per graft, was evaluated based on the
NMR peaks of carbon atoms adjacent the terminal (hydroxyl) and chain-linking terminal {(ester oxygen)
groups. The results of the grafting analysis is set forth in Table 2.

TABLE 2

Lactone Grafted Polyether Grafting Analysis

Example Caprolactone Grafting
Amount® Mole %° Degree® Length?
6 15 27 0.14 2.0
7 15 27 | 0.15 24
8 15 27 0.10 2.5
9 25 38 0.24 2.6
10 25 38 0.14 2.1
11 43 52 0.23 3.9
12 127 76 0.42 5.7

a — parts by weight per 100 parts of polyether reactant
b — calculated on hydroxy equivalents in poiyether

¢ — average fraction of hydroxyl groups reacted

d — average number of lactone residue units per graft.

Examples 13—32 A: Preparation and Evaluation of Coatings
Coating compositions were prepared using the lactone modified polyether product produced in
Example I. Control coatings containing the same compositions were aiso prepared for comparative
analysis, except that the lactone modified polyether was substituted with the corresponding unmodified
polyether. These control exampies are identified by the corresponding example number followed by “A”.
The coatings were tested and evaluated using the following procedures:
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Coatings Testings and Analysis

Test Procedure and Evaluation
Olsen Button ASTM E—643—78. The degree of coating integrity was visually observed and
reported.

Reverse Impact ASTM D—2794—69 (1974); with the reported results in (in-lbs) N-m at highest
. passing of test.

Olsen draw Using first and second deep draw testing described in the instruction manual
in the instruction manual entitled “Ductomatic Sheet Metal Tester A—12",
Instruction Booklet No. 70—8, Bulletin 85, published by the Olsen Testing
Machine Co., pp 3, 8 & 9 (1970). The ability of the coating to withstand partial
or complete (failure) delamination is reported.

Hardness Sward Rocker test is disclosed in Paint Testing Manual, G. G. Sward (editor),
ASTM publication 500, 13th ed., p. 286 (1972).
Gloss ASTM D—523; reported at 45° and 60°.

The coatings were prepared as follows, with the resuits set forth in Table 3.

Examples 13—18A

These examples describe clear coating compositions free of pigment formuiations. The lactone grafted
polyether, or correspanding unmodified polyether for the control example, was mixed with the indicated
type and amount of crosslinker set forth in Table 3. The mixture also contained 300 parts of Carrier Il and 0.4
parts of Cure initiator |. The coatings were applied to standard, cold rolled, steel, (4" X 12") 10.16 X 30.48 cm
test panels having a thickness of (0.036") 0.9 mm, using a doctor blade to provide a coating depth of 2 and 4
mi wet, providing a dry film coating of 0.5 and 1.0 mi thicknesses, respectively. The coatings were air dried
for between 1 to 48 hours and cured by heating at 177°C for 30 minutes. The coatings were then tested and
the results set forth in Table 3.

Examples 19—27A

Pigment grinds were prepared on a media mill using ceramic beads and Hegman grind values of 5 or
more were obtained. Coatings were prepared containing the indicated amount and type of crosslinker in
Table 3 based on 100 weight parts of lactone modified polyether, or unmodified polyether for the control
examples. The coating compositions initially contained 247 parts Carrier |, 53 parts Solvent |, 1.7 parts
Dispersant |, and the indicated amount of titantium dioxide, TiO,, pigment.

Coated metal substrates were prepared and analyzed as set forth above, except that the curing
conditions for Example 24—25A involved heating at 150°C for 45 minutes.

Examples 28—32A
Pigment grinds were prepared on a media mill using ceramic beads and Hegman grind values of 4.5 or
better obtained. Coating compositions were prepared using the type and amount of crosslinker and zinc
pigment, noted in Table 3, based on 100 weight parts of lactone modified polyether, or unmodified
polyether in the control examples. The composition initially contained 244 parts Carrier |, 56 parts Solvent |,
6 parts Dispersant |, 20 parts Anti-settling agent |, and 3 parts Drier .
Coated metal substrates were prepared and tested as in the previous exampies.
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Claims

1. A coating composition comprising a binder for deformable substrates characterised in that said
binder is a high molecular weight polymer which is the reaction product of:
(1) a lactone of the formula:

1
?—TO:O (M
R

wherein each R, and R; is individually hydrogen or lower alkyl, and m is from 3 to 12; and
(2) a hydroxylalkoxy phenoxy polyether having the average formula:

OH
G—+-0~D~0~E4—0-D~0-G (1)

wherein D is the residue of a dihydroxy aromatic hydrocarbon, E—OH is the hydroxy residue of an epoxide,
G is either hydrogen or the residue of a capped or uncapped epoxide; and n is sufficient to provide a weight
average molecular weight of at least 30,000.

2. The composition of claim 1 wherein said polyether is substantially free of 1,2-epoxy groups.

3. The composition of claim 1 or claim 2, wherein said polymer has the average formula:

Ry T1
L C C—3 0 1 Ct—C =)
N
O R2 0 R2
? OH
G+o-D—o—E—]—5-[—O—D—o—E-]nTpo—D—o—G (V)
wherein D, E, G, Ry, R, m and n are as defined previously; p is from 0.01n to n; and q is =0.
4. The composition of any of claims 1—3, wherein is
7 |
(|3 Eis —CH,CHCH,—;
CH3
R, and R, are hydrogen; and m is 5.
5. The composition of claim 1 wherein said epoxide has the formula:
X—C—C—C—R
F ] (V)
R7 R8 Rg

wherein Rg, Ry, Rg, Rg and R,q are individuaily hydrogen or methy! and X is an electron donating group.
6. The composition of claim & wherein Rg, Ry, Rg, Ry and Ry are hydrogen; and X is halogen.
7. The composition of one or more of the claims 1—8, wherein said dihydroxy aromatic hydrocarbon
has the formula:

(’Fg)x (lﬁs)y
HO~—Ar(=R ,~Ar%) ——0H (nn)

wherein Ar and Ar’ are individually aromatic divalent hydrocarbons; R, and R, are individually lower alkyi,
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halogen, or lower alkoxy; R, is a covalent bond or divalent radical; x and y are from 0 to a maximum value
corresponding to the number of substitutable sites on Ar and Ar’, respectively; and zis 0 or 1.
8. The composition of claim 7 wherein Ar and Ar’ are phenylene; R, is

x and y are each 0; and z is 1.

9. The composition of claim 1 wherein each R, and R; is hydrogen; and m is 5.

10. The composition of any of claims 1—9 additionally containing a carrier, a crosslinker and a cure
initiator.

11. The composition of claim 10 additionally containing a pigment.

12. A coated article comprising a deformable substrate, e.g. sheet metal, wire or an elastic material,
which is coated with the composition of any of claims 1—11.

13. A coated article comprising a deformable substrate which is coated with a cured composition of
any of claims 1—11.

14, A process for producing a coated, deformed article which comprises:

(1) coating a deformable article with a coating composition containing a binder which is a high
molecular weight polymer which is the reaction product of

(a) a lactone of the formula:

wherein each R, and R, is individually hydrogen or lower alkyl, and m is from 3 to 12; and
{b) a hydroxyalkoxy phenoxy polyether having the average formula:

OH
G--0-D-0~-E3—0-D-0-G ()

wherein D is the residue of a dihydroxy aromatic hydrocarbon, E—OH is the hydroxy residue of an epoxide,
G is either hydrogen or the residue or a capped or uncapped epoxide; and n is sufficient to provide a weight
average molecular weight of at least 30,000; and

(2) drying said coating article; and

(3) deforming said article.

15. A pre-coated, deformed article produced by the process of claim 14.

Patentanspriiche

1. Uberzugsmittel, umfassend ein Bindemittel fir verformbare Substrate, dadurch gekennzeichnet,
daB das Bindemittel ein hoch moiekulares Polymer ist, das das Reaktionsprodukt ist aus (1) einem Lacton
der Formel

1
l

+HC=0 (1)

O—3

m*._

2
worin jedes R, und R, jeweils Wasserstoff oder Niederalkyl ist und m einen Wert von 3 bis 12 hat; und
(2) einem Hydroxyalkoxyphenoxypolyether mit der durchschnittlichen Formel

OH

G—~—0-D-0-E4—0-D-0-G ()

13
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worin D er Rest eines aromatischen Dihydroxykohlenwasserstoffs ist, E—OH der Hydroxyrest eines
Epoxids ist, G entweder Wasserstoff oder der Rest eines gegebenenfalls mit einer Blockierungsgruppe
versehen Epoxides ist und n ausreicht, um ein Gewichtsmittel des Molekulargewichtes von mindestens

30 000 zu ergeben.

2. Mittel nach Anspruch 1, worin der Polyether im wesentlichen frei von 1,2-Epoxygruppen ist.

3. Mittel nach Anspruch 1 oder 2, worin das Polymer die durchschnittliche Formel

Ry Ry
N
0O R2 o R2

o) OH

|
G—E—o—D-O—E—JTE-O—D—O-E-}nTpo_D_o_G

(V)

hat, worin D, E, G, R,, Ry, m und n wie oben definiert sind; p einen Wert von 0,01n bis n hat und q = 0 ist.

4. Mittel nach irgendeinem der Anspriiche 1 bis 3, worin D

CH,

| 3 l

c . ist, E —CH,CHCH,—
. | '

CH3

ist, Ry und R, Wasserstoff sind und m=5 ist.
5. Mittel nach Anspruch 1, worin das Epoxid die Formel

\
X~—~C—C——C—R

T

R_/, RS Hg

(1V)

hat, worin Re, Rs, Rg, Ry und R, jeweils Wasserstoff oder Methyl sind und X eine Elektronen spendende

Gruppe ist.

6. Mittel nach Anspruch 5, worin Rg, R;, Re, Rg und R,y Wasserstoff sind und X Halogen ist.

7. Mittel nach einem oder mehreren der Anspriche 1 bis 8, worin der aromatische

Dihydroxykohlenwasserstoff die Formel
ol (el
HO—~+—Ar(—-R 4—Ar’—)z—}—OH

(1

hat, worin Ar und Ar’' jeweils aromatische, zweiwertige Kohlenwasserstoffe sind; R; und Rj; jeweils
Niederaikyl, Halogen oder Niederalkoxy sind; R, eine kovalente Bindung oder ein zweiwertiger Rest ist; x
und y einen Wert von 0 bis zu einem maximalen Wert haben, der der Anzahl der substituierbaren Stellen an

Ar bzw. Ar’ entsprechen, und z=0 oder 1 ist.
8. Mittel nach Anspruch 7, worin Ar und Ar’ Phenylen sind; R,

ist; x und y jeweils 0 sind und z=1 ist.
9. Mittel nach Anspruch 1, worin R, und R, jeweils Wasserstoff sind und m=5 ist.

10. Mittel nach irgendeinem der Anspriiche 1 bis 9, das zusatzlich einen Tréger, ein Vernetzungsmittel

und einen Aushartungsinitiator enthait.
11. Mittel nach Anspruch 10, das zusétlich eine Pigment enthait.

12. Uberzogener Gegenstand, umfassend ein verformbares Substrat, z.B. Metallfolie, Draht oder ein

elastisches Material, das mit dem Mittel nach irgendeinem der Anspriiche 1 bis 11 tiberzogen ist.

14
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13. Uberzogener Gegenstand, umfassend ein verformbares Substrat, das mit einem ausgehdérteten
Mittel nach irgendeinem der Anspriiche 1 bis 11 {iberzogen ist.
14. Verfahren zur Herstellung eines {iberzogenen, geformten Gegenstandes, das umfaf3t
(1) das Uberziehen eines verformbaren Gegenstandes mit einem Uberzugsmittel, enthaltend ein
s Bindemittel, das ein hochmolekulares Polymer ist, das das Reaktionsprodukt ist aus
(a} einem Lacton der Formel

|
10 (l:—)—C=o (1
R

worin jedes Ry und R, jeweils Wasserstoff oder Niederalkyl ist; und m einen Wert von 3 bis 12 hat; und
{b} einem Hydroxyalkoxyphenoxypolyether mit der durchschnittlichen Formel

18
OH
G—[—-O-—D—-O—E—}FO—D-—O—G ()
() . . . . .

2 worin D der Rest eines aromatischen Dihydroxykohlenwasserstoffs ist; E—OH der Hydroxyrest eines
Epoxides ist; G entweder Wasserstoff oder der Rest eines gegenbenenfalls mit einer Blockierungsgruppe
versehenen Epoxides ist und n ausreicht, um ein Gewichtsmitte! des Molekulargewichtes von mindestens
30 000 zu ergeben;

25 (2) das Trocknen dieses Uberzogenen Gegenstandes und

(3) das Verformen dieses Gegenstandes.
18. Ein vorher liberzogener, verformter Gegenstand, hergestellt nach dem Verfahren von Anspruch 14,
Revendications
30 1. Compaosition de revétement comprenant un liant pour substrats déformables, caractérisée en ce que
ledit liant est un polymére de haut poids moléculaire qui est le produit de réaction:
(1) d'une lactone de formule:
* "o
C+4—C=0 ()
jom
R

40 dans laquelle chaque substituant R, et R, représente individuellement {'hydrogéne ou un groupe alkyle
inférieur, et m a une valeur de 3 4 12; et
(2) un hydroxyalkoxyphénoxypolyéther de formule moyenne:

OH
45

G—-—0-D-0-E4—0-D-0-G ()

dans laquelle D est le résidu d'un hydrocarbure aromatique dihydroxylique, E—OH est le résidu
hydroxylique d’un époxyde, G représente |’hydrogéne ou le résidu d’un époxyde protégé ou non protége;
s0 etn a une valeur siffisante pour donner une moyenne en poids du poids moléculaire d’au moins 30 000.
2. Composition suivant la revendication 1 dans laquelle le polyéther est pratiquement dépourvu de
groupes 1,2-époxy.
3. Composition suivant la revendication 1 ou la revendication 2, dans laquelie le polymére répond a la
formule moyenne:
55

R Ry
£ i’lJ—(—C:3 —0 ]q ﬁ—(—-‘%—);n-OH
60 0O R O R,
0 OH
o5 G—P—o—D—o—rI—:—]-p—Eo—D—o—é-q—n-_—b-o—D—o—G (V)
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dans laquelle D, E, G, Ry, R, m et n répondent aux définitions précitées: P a une valeur de 0,01n & n; et g est
supérieur ou égal a 0. - o . .
4. Composition suivant 'une quelconque des revendications 1 a 3, dans laquelle D représente

P |
—@—C ; E représente —CH,CHCH,—;
I

CH3
R, et R, représentent I'hydrogéne; et m est égal a 5. y ) . ‘
5. Composition suivant la revendication 1, dans laquelle I'époxyde répond a la formule:

VAN

e
R RB R

7 9

dans laquelle R¢, R;, Rg, Rg et Ry représentent individuellement I’'hydrogéne ou un groupe méthyie et X est
un groupe donneur d'électrons. .

6. Composition suivant la revendication 5, dans laquelle Rg, R;, Rg, Rg et Ryq représentent I'hydrogéne;
et X est un halogéne. )

7. Composition suivant une ou plusieurs des revendications 1 & 6, dans laquelle I'hydrocarbure
aromatique dihydroxylique répond a la formule:

(le)x (IRs)y
HO—{-—Ar(—R4—Ar’—-)Z—}—OH ) ()

dans laquelle Ar et Ar’ représentent individuellement des hydrocarbures aromatiques divalents; R; et Rq
représentent individuellement un groupe alkyle inférieur, halogéno ou alkoxy inférieur; R, est une liaison
covalente ou un radical divalent; x et y ont une valeur allant de zéro & une valeur maximale correspondant
au nombre de sites substituables sur, respectivement; Ar et Ar’; et z a la valeur 0 ou 1.

8. Composition suivant la revendication 7, dans laquelle Ar et Ar’ sont des groupes phénylene; R,
représente

CH,
|
_..C_;
|

CH,

x et y ont chacun la valeur 0; et z a la valeur 1.

9. Composition suivant la revendication 1, dans laquelle chaque substituant R, et R, représente
I'hydrogéne; et m est égal & 5.

10. Composition suivant I'une quelconque des revendications 1 3 9, contenant en outre un support, un
agent de réticulation et un initiateur de durcissement.

11. Composition suivant la revendication 10, contenant en outre un pigment.

12. Article revétu comprenant un substrat déformable, par exemple une feuille métallique, un fil
métallique ou une matiére élastique, qui est revétu de la composition suivant |'une quelconque des
revendications 1 a 11.

13. Article revétu comprenant un substrat déformable qui est revétu d’une composition durcie suivant
{'une quelconque des revendications 1 a 11.

14. Procédé de production d'un article revétu, déformé, qui consiste:

(1) a revétir un article déformable d’'une composition de revétement contenant un liant qui est un
polymeére de haut poids moléculaire qui est ie produit de réaction

(a) d'une lactone de formule:

C4—C=0 (n
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dans laquelle chaque substituant R, et R, représente individuellement I’hydrogéne ou un groupe alkyle
inférieur, et m a une valeur de 3 a3 12; et
(b) d’'un hydroxyalkoxyphénoxypolyéther de formule moyenne:

OH

G—{——O—D—O—E—]TO—D—O—G (n)

dans laquelle D est le résidu d'un hydrocarbure dihydroxylique aromatique, E—OH est le résidu
hydroxylique d'un époxyde, G est I'hydrogéne ou le résidu d'un époxyde protégé ou non protégé; et n a
une valeur suffisante pour donner une moyenne en poids du poids moléculaire d’au moins 30 000; et

(2) a sécher ledit article revétu; et

(3) & déformer ledit article.

15. Article revétu préablement, déformé, produit par le procédé suivant la revendication 14.
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